Our purpose was to assess the diagnostic utility of mid-regional pro-atrial natriuretic peptide (MR-proANP) for the diagnosis of acute heart failure (AHF) and the prognostic value of mid-regional pro-adrenomedullin (MRproADM) in patients with AHF.
In patients presenting with shortness of breath, an accurate and rapid diagnosis is critical. Misdiagnoses result in delayed or erroneous treatment that may lead to adverse outcomes, including increased mortality, and greater costs (1, 2) . Making a late diagnosis of acute heart failure (AHF) also has significant adverse prognostic ramifications (3) . Because natriuretic peptide (NP) testing with either B-type natriuretic peptide (BNP) or N-terminal pro-B-type natriuretic peptide (NT-proBNP) improves diagnostic accuracy, their use in the evaluation of dyspnea is recommended as a standard adjunct to history, physical examination, and other laboratory tests (4) . Unfortunately, NP testing is limited by caveats that may make their interpretation challenging. These include intermediate "gray zone" values, and nuances in interpreting levels in the settings of renal dysfunction, obesity, and advanced age.
See page 2077
Adrenomedullin (ADM), a vasodilatory peptide with potent hypotensive effects, is expressed in many different tissues (5) . Its plasma levels are elevated in patients with chronic heart failure (6) and increase with disease severity (7, 8) . However, its clinical application has been impeded due to biologic instability of plasma measurements.
Recently, several novel immunoassays for analytes relevant to cardiovascular regulation have been developed for the detection of the stable prohormone fragment as a "mirror" of mature hormone release (9 -12) . New immunoassays can be directed at stable mid-region prohormones that are stoichometrically related to synthesis of the biologically active unstable fragment. Thus, the measurement of mid-region pro-atrial natriuretic peptide (MR-proANP) and mid-region proadrenomedullin (MR-proADM) can be performed and may provide clinically relevant diagnostic and outcome information in addition to standard NP testing.
Methods
The BACH (Biomarkers in Acute Heart Failure) trial was a prospective, 15-center international study of 1,641 patients presenting to the emergency department (ED) with dyspnea. There were 2 primary end points. The primary diagnostic end point was the diagnosis of AHF, where the noninferiority of MR-proANP compared with BNP was evaluated. The primary prognostic end point tested was 90-day survival, where the superiority of the utility of MR-proADM versus BNP for predicting survival over a period of 90 days was evaluated in patients with a diagnosis of AHF. Outcomes investigated were allcause and cardiovascular death, all-cause and cardiovascular rehospitalization, and all-cause and cardiovascular revisit. Study population. This study was approved by the institutional review boards of all 15 participating centers, and included 8 U.S. centers (831 patients enrolled); 6 European centers in Germany, Switzerland, Italy, Greece, United Kingdom, and Poland (726 patients enrolled); and 1 New Zealand hospital (84 patients enrolled). A total of 1,641 patients were enrolled from March 2007 to February 2008. To be eligible, patients had to report shortness of breath as their primary complaint upon presentation to the ED. Patients were excluded if they were Ͻ18 years of age, unable to provide consent, had an acute ST-segment elevation myocardial infarction, were receiving hemodialysis, or had renal failure.
For each patient enrolled in the study, ED physicians, blinded to the investigational marker results, assessed the probability that the patient had AHF or pneumonia by 2 separate visual analog scales, assigning a value of 0% to 100% clinical diagnostic certainty. Confirmation of diagnosis. To determine the gold standard diagnosis, 2 cardiologists independently reviewed all medical records pertaining to the patient and independently classified the diagnosis as dyspnea due to heart failure or due to another cause. Both cardiologists were blinded to the other's assessments, investigational markers, and the ED physician's diagnosis. They had access to the ED case report forms, which included medical history plus data on chest radiography, radionuclide angiography, echocardiography, and cardiac catheterization as available, as well as the hospital course for patients who were admitted. In the event of diagnostic disagreement between the cardiology reviewers, they were asked to meet to come to a common conclusion. If they were unable to come to a common conclusion, a third cardiology adjudicator was assigned by the end points committee to determine a final diagnosis. In cases of pneumonia, its diagnosis was defined by the criteria modified from Leroy et al. (13) and Fine et al. (14) . Measurement of biomarkers. All blood samples were collected in plastic tubes containing ethylenediaminetetraacetic acid, and plasma was stored at Ϫ70°C in plastic freezer vials. MR-proANP and MR-proADM were mea- sured with an automated sandwich chemiluminescence immunoassay on the KRYPTOR System (BRAHMS AG, Hennigsdorf/Berlin, Germany) in the core laboratory at the University of Maryland School of Medicine. Both automated assays are based on the sandwich chemiluminescence assays, which are described in detail elsewhere (5, 6) and which have been used in other studies (15) (16) (17) (18) (19) .
Performance of MR-proANP in this laboratory included a limit of quantitation of 4.5 pmol/l, within-run imprecision coefficient of variation (CV) of 1.2% and total imprecision (CV) of 5.4%. For MR-proADM, the limit of quantification was 0.23 nmol/l; the within-run imprecision (CV) was 1.9%, and the between-run (CV) was 9.8%. The BNP was measured with Triage 2-site immunoassay reagents (Biosite, San Diego, California) formatted for Beckman-Coulter instrumentation (Brea, California). Performance in the laboratory included a limit of quantitation of 5.0 ng/l, within-run imprecision (CV) of 1.5% and total imprecision (CV) of 3.0%. NT-proBNP was measured by electrochemiluminescence on the ElecSys 2010 analyzer (Roche DiagPatient Characteristics by Diagnosis (20) and Spearman rank-order correlation. Primary MR-proANP diagnostic utility. The first diagnostic question was whether MR-proANP could be considered noninferior to BNP for diagnosis of AHF. McNemar's test with exact computation was employed as the hypothesis test with a noninferiority margin of 10%. Cut points were pre-specified as 100 pg/ml for BNP and 120 pmol/l for MR-proANP. Using these same cut points, the second primary diagnostic objective was evaluated in a logistic regression model using elevated BNP and elevated MRproANP as predictors. Primary MR-proADM prognostic utility. The first prognostic objective was to test whether MR-proADM was superior to BNP for prognosis in patients admitted for heart failure. Three different outcomes were considered: death, rehospitalization, and revisit to the ED, with all-cause mortality at 90 days considered as the primary end point. Analysis was conducted for all-cause events, as well as for events classified as cardiovascular only. The first step was to conduct ROC analysis separately for MR-proADM and BNP to identify the cut points that maximized the product of sensitivity times specificity. Subjects were categorized as above or below these cut points for both MR-proADM and for BNP. Categories were then compared to outcomes and classified as correct or incorrect in predicting the end point. Correctness of prediction from the BNP cut point was compared with that of the MR-proADM cut point using a 2-sided McNemar's test. Log-transformed values of MRproADM and BNP were also evaluated in a Cox regression model to evaluate the contribution of MR-proADM over and above that of BNP as the second primary prognostic question. Finally, to test for differences in the predictive value of MR-proADM and NT-proBNP, we used the likelihood ratio chi-square test for nested models to assess whether MR-proADM adds predictive value to a clinical model with BNP or NT-proBNP and vice versa. For continuous variables, hazard ratios (HRs) were standardized to describe the HR for a biomarker change of 1 IQR; and 95% confidence intervals (CIs) for risk factors and significance levels for Values are mean Ϯ SD or n (%) and compared with independent samples t test or Fisher exact test, respectively. ACE ϭ angiotensin-converting enzyme; AHF ϭ acute heart failure; ARB ϭ angiotensin-receptor blocker; BMI ϭ body mass index; BP ϭ blood pressure; CABG ϭ coronary artery bypass graft surgery; CAD ϭ coronary artery disease; CCB ϭ calcium-channel blocker; COPD ϭ chronic obstructive pulmonary disease; CRI ϭ chronic renal insufficiency; CVA ϭ cerebrovascular accident; DM ϭ diabetes mellitus; HF ϭ heart failure; ICD ϭ implantable cardioverter-defibrillator; JVP ϭ jugular venous pressure; MI ϭ myocardial infarction.
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Maisel et al. May 11, 2010 May 11, :2062 Mid-Region Pro-Hormone Markers in Acute Dyspnea chi-square (Wald test) are given. The predictive value of each model was assessed by the model likelihood ratio chi-square statistic. Survival curves plotted by the KaplanMeier method were used for illustrative purposes. The multivariate logistic regression models, adjusted Cox regression models, time-dependent area under the curve (AUC) analysis, as well as Kaplan-Meier plots using quartiles were added to provide a more in-depth picture of predictive performance of the biomarkers under evaluation. They were not part of the statistical analysis plan and are considered to be exploratory. All statistical analyses were performed using R version 2.5.1 (The R Project for Statistical Computing, Wien, Austria), SAS version 9.1 (SAS Institute, Cary, North Carolina), and Statistical Package for the Social Sciences version 16.0 (SPSS Inc., Chicago, Illinois).
The data management center and research department of the VA San Diego Healthcare System, San Diego, California, were responsible for data quality control and statistical analysis. The academic principal investigators of the trial hold an independent copy of the trial database and were able to perform independent statistical analysis.
Results
A total of 1,641 patients were evaluated. Of these, the adjudicated diagnosis was AHF in 568 patients (34.6%). In determining the presence or absence of AHF, the 2 adjudicating cardiologists agreed in all but 25 (1.5%) of 1,641 cases (kappa ϭ 0.966, p Ͻ 0.001). In these instances, a third cardiologist made the final determination. The patient characteristics among the AHF and non-AHF groups are presented in Table 1 . The AHF cases were older, more likely to be male, and evidenced classic signs and symptoms of heart failure more frequently than non-AHF patients.
Valid measurements for MR-proANP and MRproADM were obtained for 99.6% of all patient samples (6 failures of 1,641). For BNP and NT-proBNP, the rate was 99.8% (3 failures) and 98.9% (18 failures), respectively. The MR-proANP ranged from 3.9 to 2510.0 pmol/l, with a median of 174.5 pmol/l and IQR from 66.5 to 369.4 pmol/l. The MR-proADM ranged from 0.1 to 12.6 nmol/l, with a median of 0.88 nmol/l and IQR from 0.57 to 1.44 nmol/l. The BNP ranged from 0.5 to 10,746 pg/ml, with a median of 164 pg/ml and IQR from 36 to 574 pg/ml. The NT-proBNP ranged from 3 to 120,083 pg/ml, with a median of 833 pg/ml and IQR from 112 to 4115 pg/ml.
Spearman correlation between MR-proANP and both BNP and NT-proBNP was 0.92, and between BNP and NTproBNP, it was 0.96. Spearman correlations between MRproADM and MR-proANP, BNP, and NT-proBNP were 0.78, 0.72, and 0.76, respectively.
Of the 1,641 patients, 568 (34.6%) were diagnosed with AHF, 201 (12.2%) with chronic obstructive pulmonary disease, 130 (7.0%) with asthma, 112 (6.8%) with pneumonia, 106 (6.5%) with chest pain, 61 (3.7%) with bronchitis, 55 (3.4%) with arrhythmia, 39 (2.4%) with acute coronary syndrome, 38 (2.3%) with pulmonary embolism, 27 (1.6%) with influenza, and 304 (18.5%) with other diseases. Diagnosis of AHF. The primary diagnostic objective of the BACH study was to demonstrate that the MR-proANP cut point of 120 pmol/l would be noninferior to a BNP cut point of 100 pg/ml for the diagnosis of AHF. This level of MR-proANP was defined prospectively and confirmed in pilot data. Table 2 shows the sensitivity, specificity, and overall accuracy (% correct) for both measurements. The absolute difference in accuracy was 0.9%. The upper 95% confidence limit for the difference was 2.1%. That was less than the noninferiority margin of 10% (p Ͻ 0.001), supporting the primary diagnostic objective of the study. Differences for sensitivity and specificity were also within the noninferiority margin. These cut points yielded greater sensitivity than specificity for both markers in this patient sample.
Another diagnostic objective was to determine whether elevated MR-proANP could add to the diagnostic utility of elevated BNP. Using the same cut points as above, MRproANP added significantly to the diagnostic performance of BNP in logistic regression (chi-square increase 89.3, df ϭ 1, p Ͻ 0.001). This corresponds to an increase in the C-statistic or AUC from 0.787 to 0.816 (p Ͻ 0.001). Requiring both variables to be elevated for the diagnosis of AHF increases the overall accuracy from 73.6% for BNP alone to 76.6% for the combined diagnosis. Both variables contributed to the identification of AHF (BNP odds ratio [OR]: 7.6, 95% CI: 4.6 to 2.4, p Ͻ 0.001; and MRproANP OR: 11.5, 95% CI: 6.5 to 20.6, p Ͻ 0.001).
The diagnostic performance was also evaluated by ROC analysis. The curves for MR-proANP, BNP, and NT-proBNP appear in Figure 1A . The AUC was compared between correlated ROC curves. The area for BNP exceeded that of MR-proANP by 0.01 (p Ͻ 0.003) whereas the AUCs for MR-proANP and NT-proBNP Acute Heart Failure Diagnostic Performance of MR-proANP Cut at 120 pmol/l and BNP Cut at 100 pg/ml 
did not significantly differ (p ϭ 0.110). The strong association between BNP and MR-proANP is illustrated in Figure 1B . Overall, 57.9% of the cases had BNP levels Ͼ100 pg/ml. The equal-percentile cut point for MRproANP was 130.3 pmol/l. Likewise, 28% of cases had BNP Ͼ500 pg/ml and 28% had MR-proANP Ͼ338 pmol/l. Local clinical laboratory values of BNP (n ϭ 865) or NT-proBNP (n ϭ 157) were available to ED physicians and adjudicating cardiologists in 60% (n ϭ 983) of all patients. The ROC analysis omitting these 893 patients was performed for the remaining 658 patients, of whom 97 (14.7%) had gold standard AHF diagnoses. In this subset of patients, the AUC was 0.90 for both BNP and MRproANP, and MR-proANP was better than NT-proBNP (0.890, p ϭ 0.009).
The distributions of BNP and MR-proANP across various diagnostic groupings are shown in Figure 2 . The patterns and ranges follow closely across groups, with AHF highest and asthma lowest for both markers.
In patients with intermediate BNP or NT-proBNP levels, renal insufficiency (creatinine Ն1.6 mg/dl), obesity (body mass index Ն30 kg/m 2 ), advanced age (age Ն70 years), or with edema present, log-transformed MRproANP added to a logistic regression model with logtransformed BNP or NT-proBNP to predict adjudicated AHF diagnosis demonstrated incremental value in the case of intermediate (100 to 500 pg/ml) BNP levels (chi-square ϭ 10.53, p ϭ 0.001) and obesity (chi-square ϭ 6.85, p ϭ 0.009). Results were not significant for renal insufficiency, the elderly, or with edema (chi-square ϭ 2.23, 3.14, and 0.77, respectively; p ϭ 0.135, 0.076, and 0.379, respectively). The incremental value of log-transformed MR- 
Figure 2 Box Plots of BNP and MR-proANP
Box plots of BNP (blue boxes) and MR-proANP (red boxes) in various diagnostic groups. Boxes represent medians and interquartile ranges, whiskers represent 10th and 90th percentiles. ACS ϭ acute coronary syndrome; AHF ϭ acute heart failure; COPD ϭ chronic obstructive pulmonary disease; other abbreviations as in Figure 1 .
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To further illustrate the properties of MR-proANP compared with BNP, Spearman correlation coefficients for both NPs were computed for each variable listed in Table 1 . Then, to compare the MR-proANP correlations with the BNP correlations, these were plotted as x-y pairs in Figure 3 . The Spearman correlation between sets of correlations for the 2 markers was r ϭ 0.997, illustrating the significant overlap between these variables.
The diagnostic utility of BNP and MR-proANP in a multivariable context is summarized in Table 4 . Selected demographic, history, and examination variables were included in logistic regression models with log-transformed BNP or MR-proANP to illustrate their utility in models with clinical covariates. Both biomarkers show significance, but the ORs per log cannot be directly compared, since the ranges of BNP and MR-proANP are not the same. Standardizing these predictors yields an OR per standard deviation unit of 7.66 (95% CI: 5.71 to 10.28) for BNP and 6.24 (95% CI: 4.66 to 8.35) for MR-proANP.
Classifying the physician's initial assessment of the probability that the patient had AHF by a visual analog scale into high (Ͼ80%, n ϭ 227), low (Յ20%, n ϭ 822), and indecisive (Ͼ20% but Յ80%, n ϭ 556), the addition of MR-proANP was capable of reducing the subgroup of indecisive by 29%. Prognosis of MR-proADM in patients with AHF. There were 130 deaths within 90 days (survival rate 92.1%, 95% CI: 90.7% to 93.3%). Survivors had a median MRproADM of 0.84 nmol/l (IQR 0.55 to 1.35 nmol/l) and nonsurvivors, 1.57 nmol/l (IQR 1.02 to 3.21 nmol/l, p Ͻ 0.0001). In the subgroup of 568 patients diagnosed with AHF, there were 65 deaths within 90 days (90-day survival rate 88.6%, 95% CI: 85.6% to 90.9%). Survivors had a median MR-proADM of 1.34 nmol/l (IQR 0.96 to 3.76 nmol/l) and nonsurvivors, 2.07 nmol/l (IQR 1.19 to 3.64 nmol/l, p Ͻ 0.0001). Prognostic end points of death, rehospitalization, and revisit. We evaluated the biomarkers MR-proADM, BNP, and NT-proBNP for their ability to predict both all-cause or cardiovascular death, all-cause or cardiovascular rehospitalization, all-cause or cardiovascular revisit or any of the mentioned events, and all-cause or cardiovascular death in patients diagnosed with AHF, with all-cause mortality at 90 days considered the primary end point. Result are summarized in terms of AUC values in Table 5 for 7, 30, and 90 days after initial presentation at the ED. Prediction of 90-day all-cause and cardiovascular death, rehospitalization, and revisit is illustrated in Figure 4 . Prediction was strongest for cardiovascular death for all markers and at all time points, followed by death for any cause. For all other end points, prediction is either nonsignificant or significant but clinically not relevant (AUC Ͻ0.65), except for short-term Table 1 with BNP as related to the correlation of that variable with MR-proANP. Each dot represents a different clinical variable. The proximity of the dot to the diagonal shows the similarity of the BNP and MR-proANP relationships to that clinical variable. Abbreviations as in Figure 1 . NT-proBNP Ͼ300 pg/ml and Ͻ450 pg/ml, if age Ͻ50 yrs Ͼ300 pg/ml and Ͻ900 pg/ml, if age 50-75 yrs Ͼ300 pg/ml and Ͻ1,800 pg/ml, if age Ͼ75 yrs prediction of revisits. The latter is, however, based on very few events, and must be interpreted carefully. For prediction of rehospitalization and revisit, BNP performs best, and substantially better than NT-proBNP. This advantage of BNP is lost for cardiovascular events if the ROC analysis is limited to patients whose BNP was not measured by the hospital at the initial ED presentation (n ϭ 166) (Fig. 5) , suggesting that BNP knowledge influenced the classification of cardiovascular events. All-cause mortality. All-cause mortality was the best predictable end point for all biomarkers. Cut points for MR-proADM, BNP, and NT-proBNP were determined from ROC analysis for 90-day survival. The optimal cut points were 1.985 nmol/l (n ϭ 153, or 27% higher) for MR-proADM, 1,021 pg/ml (n ϭ 218, or 38% higher) for BNP, and 6,310 pg/ml (n ϭ 228, or 40% higher) for NT-proBNP. Using these cut points, accuracy was 74% (70% to 77%) for MR-proADM, 62% (58% to 66%) for BNP, and 64% (60% to 68%) for NT-proBNP (p Ͻ 0.001 compared with MR-proADM for both). The specificity was 76% (95% CI: 72% to 80%) for MR-proADM, and 63% (59% to 67%) for both BNP and NT-proBNP (p Ͻ 0.001 for each vs. MR-proADM). The sensitivity was 53% (95% CI: 41% to 65%) for MR-proADM and BNP (not significantly different), and 69% (95% CI: 57% to 79%) for NT-proBNP (p ϭ 0.094 compared with MR-proADM and BNP).
Additive Value of MR-proANP in "Gray Zone" Areas for Logistic Regression Models to Predict Acute Heart Failure
Using logistic regression models to derive the probability of death from the logs of both BNP and MR-proADM versus BNP alone, net reclassification improvement was calculated following Pencina et al. (21) for probability groups Ͻ6%, between 6% and 20%, and Ͼ20%. The resulting net reclassification improvement was 38.8%. As Pencina et al. (21) note, the net reclassification improvement is influenced by the probability cut points selected. Therefore, the integrated discrimination improvement was also calculated, and an integrated discrimination improvement of 5.24% was achieved. Cox and ROC analyses. In univariate Cox proportional hazard analyses, all 3 biomarkers were prognostic of survival at 90 days ( Table 6 ). The HRs per log 10 unit increase were 14.4 (95% CI: 5.8 to 35.7, p Ͻ 0.001) for MR-proADM and 2.2 (95% CI: 1.2 to 3.8, p ϭ 0.008) for BNP. The HRs standardized for an increase by 1 IQR were 2.4 (95% CI: 1.8 to 3.3) for MR-proADM and 1.5 (95% CI: 1.1 to 2.1) for BNP. In multivariable models including both markers, as well as age, sex, and creatinine, only MR-proADM carried independent prognostic utility from BNP and NT-proBNP (Table 6 ). MR-proADM added to a model using BNP (additional chi-square ϭ 23.90, df ϭ 1, p Ͻ 0.001); however, BNP did not add to a model using MR-proADM (additional chi-square ϭ 0.01, df ϭ 1, p ϭ 0.906). Similar results were obtained when NT-proBNP was used instead of BNP (data not shown).
Local laboratory troponin values were available in 511 (90%) of 568 heart failure patients. In 107 (20.9%) patients, they were elevated as per clinical laboratory protocols. In Cox regression models using MRproADM, BNP, NTproBNP, and troponin status (elevated vs. not elevated with respect to the manufacturer's guidelines of the applied troponin assay), MR-proADM remained an independent prognostic marker. As Table 6 demonstrates, troponin and MR-proADM both provided independent prognostic utility, but BNP and NTproBNP did not. Among patients with AHF, MRproADM was an independent predictor of survival after adjusting for left ventricular (LV) ejection fraction (%), LV end-diastolic dimension (cm), normal LV function, Abbreviations as in Tables 1 to 3 .
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Mid-Region Pro-Hormone Markers in Acute Dyspnea and presence of either systolic or diastolic dysfunction as determined by echocardiography (standardized HR: 2.3, 95% CI: 1.5 to 3.6, p Ͻ 0.001; 318 [56%] AHF patients with echocardiography done, 295 [52%] AHF patients with valid ejection fraction). MR-proADM was further evaluated in combination with each available baseline covariate. In all bivariable models, MR-proADM remained the strongest predictor (data not shown). Figure 6 shows the comparison of areas under the ROC curve for 90-day survival using the 3 peptides. The AUCs for 90-day outcome for MR-proADM, BNP, and NTproBNP are 0.674, 0.606, and 0.664, respectively. For 30-day outcome, used as an exploratory end point, the prognostic performance for MR-proADM increases to 0.739, whereas those for BNP and NT-proBNP decrease to 0.555 and 0.641, respectively. Compared with BNP and NTproBNP, MR-proADM demonstrated a unique prognostic profile in the first 30 days after hospitalization. Survival by quartiles of MR-proADM, BNP, and NTproBNP in AHF patients is illustrated in Kaplan-Meier curves shown in Figure 7 . For MR-proADM, the cutoffs are 0.97, 1.40, and 2.07 nmol/l for the 25th, 50th, and 75th percentiles, respectively. For BNP, cutoffs are 391, 740, and 1,399 pg/ml, respectively; and for NT-proBNP, cutoffs are 2,248, 5,017, and 10,455 pg/ml, respectively. Comparing AHF patients in the highest quartile of MR-proADM to patients in quartiles 1 through 3 resulted in an HR for death of 3.3 (95% CI: 2.0 to 5.4, p Ͻ 0.001).
Discussion
This multinational trial, the largest of its kind to date, demonstrated that mid-region prohormone markers have significant diagnostic and prognostic utility in patients presenting in the ED with acute dyspnea. Our findings validate and extend the observations made in previous pilot studies using MR-proANP for the diagnosis of heart failure (18) and MR-proADM for the assessment of prognosis (15) (16) (17) 19) .
MR-proANP is equivalent to BNP or NTproBNP in the diagnosis of AHF in patients presenting with shortness of breath to the ED. The cut-off point for MR- May 11, 2010 May 11, :2062 proANP for making the diagnosis of AHF was based on prior studies (17, 18) , and was specified a priori in the study protocol as 120 pmol/l. The present findings suggest that a cut point of 130 pmol/l more closely matches a BNP cut point of 100 pg/ml. The calculated AUCs for MR-proANP, NTproBNP, and BNP were 0.90, 0.90, and 0.91, respectively. In the subgroup of 655 patients whose values for BNP or Area under the receiver-operating characteristic curve (AUC) for BNP (blue lines), NT-proBNP (green lines), and mid-regional pro-adrenomedullin (MR-proADM) (red lines) for prediction of (left) all-cause and (right) cardiovascular death (top), rehospitalization (middle), and revisit (bottom) within 90 days after initial presentation. Abbreviations as in Figure 1 .
NT-proBNP were not available to the clinicians at the time of diagnosis, the calculated AUCs for MR-proANP and BNP were 0.904 in both cases, but significantly lower for NT proBNP. MR-proANP levels may provide additional diagnostic information for the diagnosis of AHF in addition to BNP or NT-proBNP levels in subgroups for which a correct diagnosis is considered difficult but clinically highly desirable (22) (23) (24) .
In the prognostic portion of the study, we determined that MR-proADM was superior to BNP and NTproBNP for predicting 90-day mortality in patients with dyspnea due to AHF. This finding was especially true in an exploratory analysis of the important first 30 days after baseline evaluation, for which MR-proADM clearly outperformed BNP and NT-proBNP. Troponin, which was recently shown to carry prognostic value in patients with heart failure (25), was also added to a multivariable model with the other 3 markers. In this model, MR-proADM still remained an independent prognostic factor. In the 568 BACH patients with a confirmed diagnosis of AHF (65 deaths within 90 days), the prognostic accuracy of MR-proADM levels assessed in blood samples taken on admission to the ED was 73%. It was found to be lower for BNP and NT-proBNP (62% and 64%, respectively). This was also true when considering all 1,641 enrolled patients, regardless of final diagnosis (data not shown).
None of the biomarkers was able to predict rehospitalization or revisit to the ED with a clinically relevant performance. Study limitations. Although we have identified patients at higher risk, as this was a diagnostic study with no randomized intervention above standard care, we cannot comment on the effects of intervention in patients identified as higher risk. As BNP is already part of the standard diagnostic workup in many hospitals, it was therefore regarded as unethical to withhold measurement of BNP at presentation for the diagnosis by the treating physician. Procedurally, it was also not possible to blind the gold standard physicians from biomarker levels taken at the site. Therefore, evaluation of BNP for diagnosis of AHF could lead to positively Tables 2 to 5 .
biased results to an unknown extent. Therefore, we had to accept this bias in favor of BNP, and selected a noninferiority design with a margin of 10%. Nonetheless, the observed difference in accuracy was Ͻ1%. When patients with known clinical laboratory values for BNP or NTproBNP were excluded, the AUCs for BNP and MRproANP were identical. In addition, the knowledge of BNP might have also influenced the classification of an outcome event as cardiovascular, which again biases prediction results in favor of BNP. Again, when patients with known clinical laboratory values for BNP were excluded, the observed advantages of BNP for predicting cardiovascular events vanished. However, this finding must be interpreted cautiously as this subset of patients is not representative of the group as a whole. Finally, the number of deaths among patients with AHF was limited by the 90-day follow-up duration, so longer term prognosis cannot be addressed.
Conclusions
Clinical implications. The value of natriuretic peptides in the diagnostic and prognostic assessment of patients with congestive heart failure is reflected in their inclusion in guidelines across the world (26 -28) as well as by a recent consensus statements (29) . Mid-regional prohormone markers are very stable in blood samples kept at room temperature, and hence may offer some practical analytical advantages (30) . The tests for MR-proANP and MRproADM are now available in a fast-assessment format, making diagnostic and prognostic information available to the acute care physician within 30 to 60 min. Thus, MR-proANP can now be considered the third valid natriuretic peptide marker for heart failure patients. While it need not replace the other peptides for diagnosis of heart failure, use of MR-proANP levels are acceptable alternatives, depending on the laboratory platform available, pricing, and so forth, and may add to the other natriuretic peptide levels in ambivalent diagnostic cases. Better prognostic markers help patients in many ways, as they identify those patients who should "move to the front of the line" with respect to immediate therapeutic interventions. In the emergency setting, untreated AHF worsens rapidly and can lead to respiratory compromise, intubation with mechanical ventilation, and even death. Thus, interventions based on high MR-proADM levels might include specialist consultation by a cardiologist, intensive care unit admission, noninvasive ventilation, and so forth. Additionally, the astute clinician will more closely follow up patients with poor prognostic markers after discharge to prevent relapse and readmission. MR-proADM may also help to identify patients who are in need of longer courses of inpatient therapy to relieve congestion. MR-proADM levels may also serve as a surrogate marker in therapeutic heart failure trials, although both of these suggestions require validation.
